Recently, the report of an increased risk of childhood cancers after assisted reproductive techniques (in vitro fertilization/ intracytoplasmic sperm injection (IVF/ICSI)) has generated considerable concerns [1] . However, is this accurate information? In recent years, in Italy and in parts of America of the restoration creationism [2] , particularly when the issues involve contraception, hormonal therapies, and assisted reproduction techniques, debates generated by false or incorrect news are increasing. In fact, many of the associations between risk factors and diseases published by observational clinical research are often inaccurate, while the weight of a correlation is often exaggerated. This problem has many causes, including the inability of authors, reviewers, and editors (even of highly prestigious journals), to recognize the inherent limitations of these studies. This is particularly true for associations, defined as relative risks (RR) or odds ratios (OR), less than 4 times the probability that the event will occur in the absence of the condition under investigation. Such relationships are often attributed to bias or mere randomness rather than to a real cause-effect relationship. In general, only cohort studies with RR greater than 2 or 3 and case-control studies with OR higher than 3 or 4 (or 2-4 times the incidence in the control population) should be regarded as credible.
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A recent example of inaccurate reporting is the Israeli study cited by many newspapers [1] that presented retrospective data on 242,187 children of which 2603 (1.1%) born through IVF, 1172 (0.7%) conceived with help of medications to induce ovulation but not IVF, and 237,863 (98.3%) conceived naturally. The first important observation is that the ages of the mothers in the three groups (IVF, use of fertility drugs and natural) were different. Furthermore, there were differences in number of pregnancies and gestational age, premature birth, delivery and birth weights, hypertension, pre-gestational diabetes, gestational diabetes, and pregnancy-induced hypertension among the groups. In the study period (0-18 years), 429 children (1.77%) were hospitalized with a diagnosis of malignancy, including 7/2603 = 0.26% from IVF, 7/1172 = 0.59% from the use of fertility drugs, and 415/237,863 = 0.174% from natural conceptions.
Multivariate analysis, without considering many other confounding factors, showed a relative risk of 1.89 (OR 0.894.02) after IVF and 2.03 (OR 0.96-4.30) after ovulation induction, when compared to natural conceptions. The incidence of a malignancy was low in children conceived spontaneously and after IVF, although for some specific malignancies like acute lymphocytic leukemia (ALL), due to the presence of genetic mutations, there was an increase [3] . The authors concluded that it was difficult to determine if the adverse events were related to fertility treatments or to the condition of being infertile [2] .
After extensive discussions and review of the current literature on the topic of ART and risk of childhood cancer (articles discussed are listed in Table 1 ), we decided to write this commentary to highlight what is known and unknown on this important topic. The main biological question is whether IVF and embryo development from the 2 to 150 cells (about 2 to 5 days) in the laboratory cause an increased risk for cancers in childhood and adolescence. The theme is extremely relevant, as one couple in six has reproductive difficulties or a diagnosis of infertility and between 1 and 8% of annual births in some countries are from ART [4, 5] .
A meta-analysis published in 2005 [6] reported on 11 of 14 published data sets, containing pertinent, non-overlapping, and comparable data. The final cohort included 38,815 subjects, with 38.21 cases of cancer expected vs 47 observed, giving a standardized incidence ratio (SIR) of 1.23 (95% CI 0.93-1.37). The analysis restricted to eight studies indicated 36.22 expected cases of childhood cancer and 35 observed, giving an SIR of 0.97 (95% CI 0.69-1.10).
In 2016, the Norwegian Register of births published a cohort study on all births occurred between 1984 and 2011 linking them with the Norwegian cancer registry data. In total 1,862,876 children were conceived spontaneously and 25,782 after ART. In spontaneous conceptions, there were 4523 cancer cases (4523/1,862,876 = 0.24%) and 49 in ART-conceived offspring (49/25,782 = 0.19%). No correlation was found between cancer and ART (HR 95% CI 0.90, 1.63-1.21) and although the authors found an increase in certain types of leukemia and lymphoma, they concluded that the power of their study and numbers of cancers found was too small to give a real estimation [7] .
A 2013 meta-analysis (including ten studies) [8] indicated an increase in relative risk for children born after IVF of childhood tumors (RR 1.33; OR, 1.08-1.63), but the same authors published two cohort studies on 2,830,054 children born in Denmark between 1964 and 2006 and 1999 and 2006. In total, 125,844 and 90,888 children respectively were born from mothers diagnosed with infertility, a condition that needs be accounted for a possible cause-effect on the risk of cancer [9, 10] .
The analysis was carried out separately for childhood cancers (0-18 years) and young adults (> 20 years). Children born to women with infertility problems showed an increased risk for all types of cancer, both in childhood (1.18; CI, 1.05-1.32) with significantly increased risk of leukemia (1.30; CI, 1.06-1.60) and as young adults (1.22; CI, 1.04-1.43) for endocrine tumors (2.67; CI, 1.35-5.29). If confirmed, this would lead to an increase, small but important, of four malignancies in childhood and about nine in young adults for every 100.000 born after exposure to infertility prior to conception.
Very recently, Williams et al. [11] reported on 106,013 children born in Britain between 1992 and 2008 after assisted conception without donor involvement with data from the UK National Registry of Childhood Tumours to determine the number of children who developed cancer before 15 years of age. One hundred eight cancers were identified after assisted conception vs the 109.7 expected (standardized incidence ratio, 0.98; 95% confidence interval [CI], 0.81 to 1.19; P = 0.87). There was no increase in the overall risk of cancer among children born after assisted conception during the 17-year study period. An increased risk of hepatoblastoma and rhabdomyosarcoma was detected, but the absolute risk was mall.
Another recent study [12] reported data on all children born in Britain from 1992 to 2008, cross referencing with 12,137 children born from gametes (oocyte and sperm) or embryo donation and followed up until 15 years of age with data from the cancer registry. Overall, 12 cancers were observed, and this figure was lower than the expected, 14.4 (standardized incidence ratio 95% CI 0.43-0.83; 1.45; P = 0.50). This result is extremely important, reporting a reduced risk when IVF utilizes gametes of young donors. A small increased risk was observed only for hepatoblastoma, but the numbers and absolute risks were too small (5 cases; SIR 10.28; 95% CI 1.25-37.14; P 0.05) for a correct risk analysis and this tumor was associated with low birth weight, as discussed by the authors [11, 12] .
An important consideration deserving further studies is the topic of an increasing number of women (and men) approaching maternity and parenthood at older ages. This socio-demographic phenomenon exposes couples to an increased risk of not conceiving or to a prolonged time to conceive [13] [14] [15] . In addition, children of older parents [16, 17] have an added increased risk, although modest in terms of numbers, of developing metabolic diseases, diabetes, neurological anomalies, and tumors. Therefore, while a pregnancy after age 40 can still have a beneficial effect for the mother [18] and there exists a relationship between fertility and longevity [19, 20] , future studies assessing the risk of infertility and cancer must take into account age, genetic, epigenetic, and environmental confounding factors.
In conclusion, there is no increased risk of cancer in childhood and young adults conceived with IVF. Likewise, the risk of birth defects [21, 22] and cancer in women who use fertility drugs is not increased when compared to homogeneous populations by age, risk factors, and controlled for the condition of infertility [23] .
As a final point, to better capture meaningful data, both national and international registry reporting outcomes after ART should be cross linked with cancer registries. A specific set of variables associated with increased risk for cancer such as type and duration of infertility, age, time to pregnancy, primary or secondary infertility, smoking, BMI, genetic familiarity for cancer, and others should be all controlled for to build solid database. To avoid the dangers of false alarms, pseudo-epidemics, and their harmful consequences, it is necessary to strive for better training of researchers, reviewers, and editors in statistics and recommend readers to be skeptic and aware of pitfalls from poorly powered studies [24] .
